Yet another protein has been added to the crowd of players found at the ends of chromosomes. Known variously as PTOP, PIP1 or TINT1, this negative regulator of telomere length connects some of the key proteins already known to be present -TRF1, TIN2, POT1, and TRF2 -and adds even more complexity to telomere protein interactions.
are less predictable than for the other members of this complex. Reducing the POT1 level by RNA interference (RNAi) was found to cause telomere lengthening [2] . In other cellular contexts, however, elevated POT1 can cause telomerase-dependent telomere lengthening [1, 8] , as can a POT1-TERT fusion protein [9] . Furthermore, expression of the PTOP-binding domain of POT1, or of a mutant version of POT1 that lacks the DNA interacting OB fold, can also result in telomere lengthening, perhaps by a dominant-negative effect [1, 10] . These seemingly contradictory results may possibly be explained by as yet unknown interactions of POT1 and/or by the dual role it plays as both a member of the TRF1 complex and a single-stranded telomeric DNA binding protein.
In addition to interacting with the TRF1 complex, there is now evidence that PTOP/PIP1/TINT1 interacts with TRF2 [3] . This is perhaps not surprising, in view of the accumulating evidence that TIN2 interacts directly with both TRF1 and TRF2 [4, 5] . TRF2 seems to be important for the formation of telomere loops (t-loops) [11] , and overexpression of dominant-negative forms of TRF2 results in dramatic telomere 'uncapping' [6] . Dominant-negative forms of TIN2 can extend telomere length, like dominant-negative TRF1 [12] , or they can induce telomere uncapping, like dominant-negative TRF2 [4] .
Houghtaling et al. [3] have suggested that the TRF1 complex affects length regulation under normal conditions, but when the ability of PTOP/PIP1/TINT1 to bind TRF1 is disrupted, the complex containing TIN2 and PTOP/PIP1/TINT1 can bind TRF2 instead, eventually stabilizing telomeres at a new length set point. In this view, TRF2 complexed with TIN2 and PTOP/PIP1/TINT1 may provide a secondary barrier to telomerase access. The interactions with TRF1 and TRF2 may also occur simultaneously, because a recent study [5] detected TRF1, TIN2, PTOP/PIP1/TINT1 and POT1 all in association with TRF2 and its binding partner hRAP1.
Why is there such a large crowd of players at the telomere? The answer most likely lies in the complexity of the functions that they perform. Telomeres need to be protected from exonucleolytic attack and from being recognised as double strand breaks, which may result in repair by end-to-end fusion. This protection may be achieved by formation of the t-loop structure, which requires controlled processing of the terminus to form a single-stranded DNA overhang. The area where the terminus is inserted to form the loop resembles a Holliday junction, resolution of which usually needs to be suppressed.
The inserted overhang may be capable of priming DNA replication, and this also needs to be suppressed. The loop structure must open up to permit DNA replication at the appropriate point of the cell cycle, and in telomerase-positive cells telomerase requires access in a controlled manner. Furthermore, the telomere needs to interact with other nuclear structures. These include the telomere of its sister chromatid after DNA replication, and recent evidence indicates that there is a special mechanism for resolution of this interaction [13] . Consideration of these functions suggests that many more complexities remain to be discovered regarding telomeric protein team members and their interplay. 
